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Abstract 
Roundabouts have become a more common type of intersection in Sweden over the last 30 years. In order to evaluate the 
roundabout level-of-service both analytical models and simulation models are being used. Analytical traffic models for 
intersections, such as the Swedish capacity model Capcal, has difficulties estimating the level-of-service of a roundabout if there 
are pedestrians and cyclists at crossings located close to the roundabout. It is well known that a crossing located after a 
roundabout exit can cause an up-stream blocking effect that affects the performance of the roundabout. But how the upstream 
blocking effect depends on the different flows of vehicles and pedestrians is not known.  
In this paper an existing analytical model by Rodegerdts and Blackwelder has been investigated and compared to simulations in 
VISSIM and measurements from Swedish roundabouts. The purpose of this investigation is to examine if the model by 
Rodegerdts and Blackwelder is suitable for implementing into existing analytical models such as Capcal. The results show that 
the model by Rodegerdts and Blackwelder can estimate if a capacity loss will occur, but the magnitude of this loss is more 
difficult to evaluate. The conclusion and recommendation is that the model by Rodegerdts and Blackwelder should be 
implemented into the Swedish capacity model Capcal. The model by Rodegerdts and Blackwelder is to be used as a warning 
system if the results in Capcal are too uncertain to use for analysis of the roundabout performance.
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1. Introduction 
In Sweden, the number of roundabouts has been increasing rapidly over the last three decades. In the early 1980’s 
Sweden had 150 roundabouts, in 2006 that number had increased to 1500, most of them in densely populated areas.  
Roundabouts improve traffic safety, since the speed of the vehicles entering is reduced and removes the risk of 
head-on collision. If the roundabout is properly designed it can also improve traffic flow and increase the 
intersection capacity compared to an unregulated intersection. The capacity improvement is noticed especially if the 
traffic flows are even with a large number of turning vehicles. But this positive effect of increased capacity can be 
questioned if there is a large number of pedestrians and cyclists on crossings located close to the roundabout. As 
mentioned above, in Sweden, most roundabouts have been built in densely populated areas where you can expect 
large flows of pedestrians.  
In 1998 a law forcing vehicles to yield at zebra crossings was emphasized in Sweden. The new law led to an 
increase in vehicles yielding to pedestrians in crossings. The combination of pedestrians crossing, as well as a high 
rate of vehicles giving way, reduces the roundabout capacity and level of service. This effect is well known as 
described in Allström et al (2008) but what levels of vehicle and pedestrian flows that are critical is unknown.  
Since most roundabouts in Sweden have been built in densely populated areas it is of importance that our 
analytical models can predict correctly the effect of crossing pedestrians on level-of service. Pedestrians and cyclists 
crossing a leg of the roundabout affect both the entering flow as well as the exiting flow of vehicles. The effect on 
the exiting flow is the most crucial and also the most difficult to incorporate in the analytical models. This since the 
exiting vehicles can cause a blocking back effect disturbing the entering flow on the other legs of the roundabout.  
As mentioned in Allström 2008 analytical traffic models, such as Capcal (Vägverket (1998)), have difficulties 
estimating the level-of-service of a roundabout if there are pedestrians and cyclists in crossings located close to the 
roundabout. It is well known that a crossing located after a roundabout exit can cause an up-stream blocking effect 
that affects the performance of the roundabout, SKL (2008). Capcal cannot take into account the capacity loss that 
occurs when pedestrians disturb the traffic flow on an exit. As mentioned in Allström et al (2010), this lack is one of 
the most often mentioned shortcomings of the program, and an improvement is needed.   
The Swedish capacity computing program, Capcal, can calculate four types of intersections; signalized and 
unsignalized, obligation to stop and roundabouts. Input data are the intersection design, vehicle flow and speed 
limits. Output data is level of service measures such as capacity, delay, queue length etcetera. Output data is given 
for each approach separately. Capcal can also calculate emission effects and national economical costs. 
Capcal can calculate roundabouts that have up to four legs and two lanes in each direction. The calculation 
method for roundabouts is based on the gap acceptance theory. Each approach is calculated separately, the method is 
similar to a 3-way intersection. The full model description of Capcal is presented in Allström (2005). As mentioned 
above, Capcal cannot take into account the effect of pedestrians crossing the exit of the roundabout, but the program 
does take into account pedestrians crossing on the approach. If a pedestrian crossing is situated between the stop line 
and the roundabout, the pedestrian flow is included in the major flow for the relevant minor flow with a passenger 
car value of 0.5.  
A wider search on this subject results in few references. There are three analytical models that are in some way 
dealing with the effect pedestrians have on level of service of roundabouts. The model presented in Griffith (1981) 
estimates what queue lengths different flow of vehicles and pedestrians cause. The model by Griffiths does not focus 
specifically on level of service of roundabouts but its method of calculation has been used in other analytical models 
for roundabouts e.g. Hubberten et al (2009). The model by Marlow and Maycock (1982) is based on the method 
presented in Griffiths (1981). In Marlow and Maycock a capacity reduction effect caused by pedestrians crossing 
either the approach or the exit of the roundabout is estimated. The model presented in Rodegerdts and Blackwelder 
(2005), calculates a percentage capacity loss for the approach situated closest to the exit being blocked. Out of the 
three models found the model by Rodegerdts and Blackwelder is considered to be most suitable for Capcal, see 
further discussion in section 2. 
Since Capcal cannot estimate the loss in level of service caused by pedestrians crossing the exits, other tools of 
analysis, such as microscopic traffic simulation is commonly recommended to use instead. Simulation is a very 
useful method, but it takes time and is costly compared to the analytical models. Partly because microscopic traffic 
simulation models are general purpose traffic analysis tools and have to be calibrated and validated for each 
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application. An alternative way could therefore be to develop a simulation model especially for roundabouts, see e.g. 
Tollazi (2008). Even if there are very powerful and efficient simulation models today, analytical models are still 
needed since they don’t require the same amount of data, time and knowledge to use.  
The purpose of this study is to investigate how well the Rodegerdts and Blackwelder model can take into account 
the effect on level of services when pedestrians and bicycles cross the exit of the roundabout. The aim is also to 
analyze how and if the Rodegerdts and Blackwelder model could be incorporated in Capcal or other similar 
analytical models.  
To estimate the correctness of the results given by the model by Rodegerdts and Blackwelder the method used 
was comparing the model’s result to the results of a microscopic traffic simulation using the simulation tool VISSIM 
(PTV, 2010). The input data was collected from films of four roundabouts in Sweden; Solna, Rissne, Lund and 
Malmö. The films were originally shot for another project, where the purpose was to collect data from roundabouts 
with low density. Therefore it was only in one of the roundabouts delays caused by pedestrians was taken into 
account. This roundabout and one of the roundabouts with low level of traffic flows were simulated using VISSIM. 
In the microscopic simulation the two roundabouts were simulated with and without the pedestrians. In order to 
compare the results from the simulation with and without the pedestrians, the results were tested with a 95 % 
confidence interval as well as a t-test.  
The remainder of this paper is organised as follows. In section 2 the literature review conducted is presented 
together with a discussion on why the Rodegerdts and Blackwelder model is the most suitable model for modelling 
the effect of crossing pedestrians at roundabout exits in general and for incorporation in Capcal in particular. The 
calculation set up for the model by Rodegerdts and Blackwelder is described in section 3 and the set up for the 
VISSIM simulation is described in section 4. The comparison of results from calculations with the Rodegerdts and 
Blackwelder model and the VISSIM simulations is presented in section 5. Section 6 contains a final conclusion and 
recommendations for further research.  
2. Literature review  
Three analytical models, that are in some way dealing with the effect pedestrians have on level of service of 
roundabouts have been found for the literature review. The first model, presented in Griffiths (1981), estimates 
queue lengths and waiting time, caused by different flows of vehicles and pedestrians. The queue lengths are 
estimated by calculating the distribution of time periods when the crossing is blocked by pedestrians, and when it is 
empty. The model by Griffiths does not focus on level of service of roundabouts but the method has been used in 
other analytical models for roundabouts e.g. Hubberten et al (2009). Griffiths’ model has a queue theoretical 
approach that results in a high level of detail. The advantage of the model is its basic mathematical analysis for how 
queues are formed at crossings and how they vanish. The disadvantage is that the model is not developed for 
roundabouts. To adjust the model by Griffiths to the roundabout model in Capcal would therefore require rather 
comprehensive calculations.    
The second model found, Marlow and Maycock (1982), is based on the methods presented in Griffiths (1981). In 
the model by Marlow and Maycock a capacity reduction effect caused by pedestrians crossing either the approach or 
the exit of the roundabout is estimated. The main focus of Marlow and Maycock is on crossings located on the 
approach of the roundabout. The theory presented in Marlow and Maycock is that the capacity of the roundabout is 
reduced by the combination of the capacity of the crossing and the capacity of the nearby yield line. A ratio between 
the capacity of the crossing and the capacity of the yield line is calculated. The ratio is then used for calculating the 
capacity of the roundabout as a whole. The model by Marlow and Maycock does not present a separate model for 
calculating the effect on capacity if the crossing is located on the exit. Instead of a separate model, a chart in which 
different combinations of probabilities for different queue lengths at different ratios between the time gaps of 
pedestrians and saturation flow of vehicles is presented. The chart is recommended to be used for rough calculations 
only. The model by Marlow and Maycock adjusts the complicated model by Griffiths for roundabouts, this is 
positive. On the other hand Marlow and Maycock only develop a model for crossings situated in front of the yield 
line and since a crossing located on the exit can cause a more significant capacity reduction the usefulness of the 
model is limited. Another disadvantage with the model by Marlow and Maycock is that it does not cover the 
scenario for when the capacity of the crossing is lower than the capacity of the yield line, which can sometimes be 
the case. In addition, NCHRP (2007) indicates that the model by Marlow and Maycock overestimates the influence 
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of pedestrians on exit capacity. NCHRP (2007) instead propose the Griffiths model, but states that this assumes that 
pedestrians always have priority when using the crossing. In addition NCHRP (2007) states that caution is still 
advised when using this method, as further research is needed to validate the method. According to Akcelik (2009), 
the NCHRP suggestion and a gap-acceptance based method for calculating exit lane capacity as a function of 
pedestrian flows have been included in the commercial software SIDRA INTERSECTION. However, there is 
unfortunately no description of, or reference to, the gap-acceptance approach method in Akcelik (2009), therefore 
this method has not been further studied in this paper. The last model, by Rodegerdts and Blackwelder (2005), 
calculates a percentage capacity loss for the approach situated closest to the exit being blocked. The model assumes 
Poisson distributed vehicle arrivals. The vehicles queue whenever a pedestrian is in the crossing. The time over 
which the queue accumulates is constant, i.e. the pedestrian speed is constant and the time it takes to clear the queue 
is constant. The model also assumes that when a queue on one of the exits enters the circulating roadway it blocks 
all entries to the roundabout. Input data to the model by Rodegerdts and Blackwelder is;  
• vehicle flow per hour on the study exit 
• the number of times during an hour crossing pedestrians requires the vehicles to yield 
• the number of vehicles that can queue at the crossing before the vehicles block the circulating roadway 
• the vehicle stop time required for a pedestrian to cross the exit   
• the saturation flow rate of exiting vehicles on release from blocking event.  
The model by Rodegerdts and Blackwelder is simple and straightforward and easy to adjust to the roundabout 
model in Capcal. The disadvantages of the model are all the simplifications done e.g. with Poisson distributed 
arrivals; the dynamic nature of vehicle flow is not captured and it results in a continuous queue accumulation and 
queue clearing. The most significant problem with the model by Rodegerdts and Blackwelder is that you need to 
know the number of times, during the study hour, pedestrians require vehicles to yield. Rodegerdts and Blackwelder 
do not describe how the number of blocking events can be estimated, in other words, no model describing the 
relation between vehicle flow, pedestrian flow and number of blocking events is presented.       
Despite the simplifications done, the model by Rodegerdts and Blackwelder is considered to be the most suitable 
model to incorporate in Capcal. To estimate the correctness of the results given, the model by Rodegerdts and 
Blackwelder was compared to results of a microscopic traffic simulation.  
3. Set up for the analytical model by Rodegerdts and Blackwelder 
The model by Rodegerdts and Blackwelder was fed with data collected from films of four single lane 
roundabouts in Sweden. The data collected from the films were  
• the number of pedestrians in total and the number arriving in “groups of two or more people together” 
• the number of cyclists in total and the number arriving in “groups of two or more people together” 
• the number of times crossing pedestrians or cyclists required vehicles to yield  
• average vehicle stop time required for a pedestrian to cross the exit 
• vehicle flow on the study exit  
All data were collected during one hour. The saturation flow was estimated to be 1800 vehicles/hour in all 
roundabouts. The data collected from the four roundabouts are presented in Table 1, 2, 3 and 4. 
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Table 1 Data collected from roundabout in Solna
Number of pedestrians 79 (16 within group)  
Number of cyclist 54 (8 within group)  
Number of times crossing pedestrians or  
cyclists requires the vehicles to yield 
54 
Vehicle flow on the study exit  1056  
Average vehicle stop time required for  
a pedestrian/cyclist to cross the exit 
5 seconds 
Circle width  15 m   
Distance between crossing and circulatory flow 6 m   
Table 2 Data collected from roundabout in Rissne
Number of pedestrians 154 (51 within group) 
Number of cyclist 15 (0 within group) 
Number of times crossing pedestrians or 
cyclists requires the vehicles to yield 
8 
Vehicle flow on the study exit 311 
Average vehicle stop time required for 
a pedestrian/cyclist to cross the exit 
4,5 seconds 
Circle width  16 m  
Distance between crossing and circulatory flow 5 m 
Table 3 Data collected from roundabout in Malmö
Number of pedestrians 28 (14 within group) 
Number of cyclist 11 (4 within group) 
Number of times crossing pedestrians or  
cyclists requires the vehicles to yield 
10 
Vehicle flow on the study exit  748 
Average vehicle stop time required for  
a pedestrian/cyclist to cross the exit 
6 seconds 
Circle width  14 m 
Distance between crossing and circulatory flow 5 m 
Table 4 Data collected from roundabout in Lund (south)
Number of pedestrians 17 (13 within group) 
Number of cyclist 114 (60 within group) 
Number of times crossing pedestrians or  
cyclists requires the vehicles to yield 
10 
Vehicle flow on the study exit  447 
Average vehicle stop time required for  
a pedestrian/cyclist to cross the exit 
5 seconds 
Circle width  18 m (outer width) 11 m (inner width)
Distance between crossing and circulatory flow 9 m 
4. Set up for VISSIM simulation 
The roundabouts in Solna and Rissne were simulated in VISSIM. The Solna roundabout was simulated since the 
film showed some capacity problems and the results from the model by Rodegerdts and Blackwelder also indicated 
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that (presented in section 5). Only one of the three roundabouts without any capacity restriction was simulated 
(Rissne). This was due to lack of time and the fact that further data from roundabouts without any capacity problems 
would not contribute to the study.   
Both roundabouts were simulated with and without the pedestrians in order to capture the pedestrian effect on; 
accumulated total travel time, total travel time for each vehicle for different routes, total delay, average delay, total 
number of stops and average number of stops. The queue lengths were also measured in order to capture the number 
of times crossing pedestrians or cyclists required the vehicles to yield. Each set up was simulated ten times with 
different random seeds. The results presented are an average out of the ten replications.  
Each queue registered at both queue counters was translated into one blocking event. This is a simplification, but 
since it would take far too long to study the visualization of the simulation and note manually the number of times 
crossing pedestrians or cyclists required the vehicles to yield, this method was chosen. The set up parameters for the 
VISSIM simulation is presented in Table 5. 
Table 5 Set up for VISSIM simulation 
 Solna Rissne 
Speed  
 Cars 40 km/h (reduced speed areas 30 km/h) 40 km/h (reduced speed areas 30 km/h) 
 HGV 40 km/h 40 km/h 
 Pedestrians 5 km/h 5 km/h 
 Cyclists 10 km/h 10 km/h 
HGV share 2 % 5 % 
Conflict areas Default values (safety distance factor 1) Default values (safety distance factor 1) 
Queue counters 
 Distance between 5,5 m 5 m 
 Max headway 10 m 10m 
 Time interval 30 s 30 s 
The roundabout in Solna has three approaches. The flows and directions from the films that were used during the 
simulation are presented in Table 6. The crossing is located on Kolonnvägen south.   
Table 6 Vehicle and pedestrian flows in Rissne
Kolonnvägen,   south  
 Right 240 
 Through 400 
Kolonnvägen, north  
 Through 425 
 Left 40 
Gustav III:s Boulevard  
 Right 45 
 Left 630 
Pedestrians (Kolonnvägen south) 79 
Cyclist (Kolonnvägen south) 54 
  
The roundabout in Rissne has four approaches. The flows and directions from the films that were used during the 
simulation are presented in Table 7. The crossing is located on Rissneleden west. There is also a crossing on 
Örsvägen south, but only four pedestrians did cross during the study hour and they were therefore excluded from the 
simulation. 
Table 7 Vehicle and pedestrian flows in Rissne
Rissneleden, east  
 Right 55 
 Through 160 
 Left 120 
Rissneleden, west  
 Right 55 
 Through 140 
 Left 80 
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Örsvägen, south  
 Right 65 
 Through 75 
 Left 70 
Örsvägen, north  
 Right 110 
 Through 70 
 Left 40 
Pedestrians (Rissneleden west) 154 
Cyclist (Rissneleden west) 15 
5. Comparison of results 
The results from the VISSIM simulations were compared with the results from the analytical model by 
Rodegerdts and Blackwelder. There is a problem comparing results from an analytical model with results given 
from a micro simulation since the results given are not of the same type. From a microscopic simulation you get 
travel times, queue lengths, number of stops etcetera whilst the analytical model by Rodegerdts and Blackwelder 
will give you a percentage loss of capacity of the subject entry. Even though the results are not homogeneous they 
can still be in accordance. 
The model by Rodegerdts and Blackwelder calculates the total time (in seconds) during the study time period that 
the circulatory roadway is blocked. Total block time during an hour is divided in 3600 seconds (one hour). This 
results in a percentage block time which can be translated into a capacity loss of the subject entry. The result of the 
model by Rodegerdts and Blackwelder for each roundabout is presented in Table 8. 
Table 8 Results from Rodegerdts and Blackwelder  
Roundabout 
Total time during the study time period  
that the circulatory roadway is blocked 
Capacity reduction factor 
Solna 645 seconds 17,93 % 
Rissne 4 seconds 0,12 % 
Malmö 96 seconds 2,65% 
Lund 10 seconds 0,3 % 
As seen in Table 8 the model by Rodegerdts and Blackwelder suggests that only one roundabout (Solna) has 
significant capacity problems caused by the pedestrians. This was also noticed in the films since queues were not 
common in the other three roundabouts. The results from the microscopic simulation showed that significant 
capacity loss was only caused in Solna as seen in Table 9 and Table 10.    
Table 9 Results from microscopic simulation in VISSIM, Solna
The number of times crossing pedestrians or cyclists requires the vehicles to yield were on average 49 in the 
microscopic simulation in Solna. The 95 % confidence interval includes the true value from the film, 54, which 
indicates that the micro simulation has captured the behaviour of the roundabout correct. Both routes traversing the 
 With crossing Without crossing Significant difference  
Total travel time (hours) 20,66 h 15,43 h Yes, t-test; p<0,05  
Average travel time for different routes (seconds)   
Kolonnvägen,   south    Route passing crossing 
 Right 10,55 s 9,95 s Yes, t-test; p<0,05 Yes 
 Through 10,28 s 9,08 s Yes, t-test; p<0,05 Yes 
Kolonnvägen, north     
 Through 16,7 s 12,69 s Yes, t-test; p<0,05 Yes 
 Left 20,55 s 16,69 s Yes, t-test; p<0,05 No 
Gustav III:s Boulevard     
 Right 14,3 s 13,45 s No, t-test; p>0,05 No 
 Left 20,72 s 17,33 s Yes, t-test; p<0,05 Yes 
Total delay (hours) 9,69 h 5,77 h Yes, t-test; p<0,05  
Average delay (seconds) 18,39 s 11,74 s Yes, t-test; p<0,05  
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crossing as well as routes that doesn’t are affected by the crossing. This indicates that queues entering the 
circulatory roadway exists, and cause delay.  
Table 10 Results from micro simulation in VISSIM, Rissne
The number of times crossing pedestrians or cyclists require the vehicles to yield were on average 8 in the 
microscopic simulation in Rissne which is equal to the true value from the film. This indicates that the micro 
simulation has captured the behaviour of the roundabout correct. It is interesting to notice that only the routes 
traversing the crossing in Rissne are affected by the crossing in terms of travel time. This indicates that queues 
entering the circulating roadway are not common in Rissne. 
The results from the model by Rodegerdts and Blackwelder and the micro simulation in VISSIM indicated that 
the pedestrian flow affects the roundabout performance. In Solna, the model by Rodegerdts and Blackwalder 
indicated a capacity loss of about 18 %.This can be compared to the results from the micro simulation which 
indicated a significant difference in average delay. The microscopic simulation of the roundabout in Rissne did not 
indicate any differences in average delay with and without the pedestrians. The result from the micro simulation 
harmonize with the result from the model by Rodegerdts and Blackwelder which indicated only a small capacity 
loss, 0,12 %. 
For the two roundabouts in Solna and Rissne, the concurrence of the results from the micro simulation and the 
model by Rodegerdts and Blackwelder can be considered to be high. But comparing percentage capacity loss to 
differences in travel times, delays etcetera is difficult and can be questioned. The result from the microscopic 
simulation of these two roundabouts indicates that the model by Rodegerdts and Blackwelder can estimate if a 
capacity loss will occur. But it is difficult to say if the estimation of the magnitude of the capacity loss is correct or 
not since the capacity of the roundabout is not easy to assess from a micro simulation. There are some methods e.g. 
Refsnes and Thorsson 2006, to estimate the capacity of an intersection from a microscopic simulation. This method 
is however not applicable in this case. To illustrate how different flows of vehicles and pedestrians affect the result 
from the model by Rodegerdts and Blackwelder and results from a microscopic simulation in VISSIM (total delay in 
this case) different scenarios have been tested for the roundabout in Solna. The results are presented in Figure 3. The 
linear trend of the plot shows correlation between the total delay and the percentage capacity loss. The correlation 
indicates that the results from the model by Rodegerdts and Blackwelder are in accordance with the results from the 
micro simulation in VISSIM.   
 With crossing Without crossing Significant difference  
Total travel time (hours) 4,66 h 3,69 h Yes, t-test; p<0,05  
Average travel time for different routes (seconds)     
Rissneleden, east    Route passing crossing 
 Right 10,02 s 9,51s Yes, t-test; p<0,05 Yes 
 Through 13,53s 12,69s Yes, t-test; p<0,05 Yes 
 Left 13,77s 13,03s Yes, t-test; p<0,05 Yes 
Rissneleden, west     
 Right 10,49 s 10,33s No, t-test; p>0,05 No 
 Through 12,61 s 11,99 s Yes, t-test; p<0,05 Yes 
 Left 13,86 s 13,69 s No, t-test; p>0,05 No 
Örsvägen, south     
 Right 9,91s 9,73s No, t-test; p>0,05 No 
 Through 9,91s 9,85s No, t-test; p>0,05 No 
 Left 12,78s 12,23s Yes, t-test; p<0,05 Yes 
Örsvägen, north     
 Right 8,4 s 7,7 s Yes, t-test; p<0,05 Yes 
 Throguh 9,32 s 9,18s No, t-test; p>0,05 No 
 Left 13,51 s 13,26s No, t-test; p>0,05 No 
Total delay (hours) 1,06 h 0,88 h Yes, t-test; p<0,05  
Average delay (seconds) 3,14 s 3,07s No, t-test; p>0,05  
Astrid Bergman et al. / Procedia Social and Behavioral Sciences 16 (2011) 697–708 705
Figure 3 Plot of results from the model by Rodegerdts and Blackwelder and the micro simulation in VISSIM 
In order to illustrate how flows of pedestrians and vehicles, influence the capacity loss and the total delay, the 
results in Figure 3 can be visualized in 3D-plots as illustrated in Figure 4.  
Figure 4 3D-plot illustrating the total delay and the percentage capacity loss as a function of vehicle and pedestrian flow 
In Figure 4 the increase in total delay and capacity loss does not seem linear to the increase in vehicle and 
pedestrian flow. Another tendency that can be noticed in the 3D-plots is that when the vehicle flow is high the 
pedestrian flow affects the result much more than when the vehicle flow is low. The trend is noticeable for both the 
results from the model by Rodegerdts and Blackwelder and for the micro simulation. Even though a trend can be 
seen, no conclusions can be drawn regarding the connection between the vehicle and pedestrian flows and the 
percentage capacity loss/ total delay since there are not enough data.  
6.    Model development 
As mentioned in section 2 the most significant problem with the model by Rodegerdts and Blackwelder is that 
you need to know the number of times, during the study hour, crossing pedestrian require vehicles to yield. 
Rodegerdts and Blackwelder do not describe how the number of blocking events can be estimated. In other words, 
no model describing the relation between vehicle flow, pedestrian flow and number of blocking events is presented. 
But for the model to be useful in a program such as Capcal the number of blocking events must somehow be 
estimated.  
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To estimate the number of blocking events, data were collected from the four roundabout films, during 25 
periods, each 15 minutes long. Data from each 15 minute period was multiplied by four in order to get the hourly 
values. The collected data from the films were; vehicle flow, pedestrian flow, number of pedestrians arriving in 
groups, cyclist flow, number of cyclists arriving in groups and number of times crossing pedestrians or cyclists 
required vehicles to yield (blocking events). The reason for measuring the number of pedestrians and cyclist arriving 
in a group was to get an idea of the actual number of times a blocking could occur. To take into account the effect of 
pedestrians and cyclist arriving in groups, an adjusted value for the pedestrian and bicycle flow was used described 
in Bergman 2010.  
Below, a plot illustrating the number of blocking events depending on the vehicle flow and pedestrian and 
bicycle flow can be seen.  
Figure 5 3D-plot illustrating the number of blocking events depending on the vehicle and pedestrian flow 
As seen in the plot, there is a trend towards the size of the vehicle flow being more important than the size of the 
pedestrian flow, but the trend is not linear. In order to find an equation that would best describe the number of 
blocking events a multiple regression analysis was performed, described in Bergman 2010. The plot from the 
regression analysis with best fit to the data can be seen below. The output from the regression analysis could be used 
as for rough calculation of the number of blocking events depending on the vehicle and pedestrian and bicycle flow.   
Figure 6 3D-plot illustrating the number of blocking events depending on the vehicle and pedestrian flow  
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7.   Conclusion and further studies 
The purpose of this study was to investigate how well the Rodegerdts and Blackwelder model can take into 
account the effect on level of services when pedestrians and bicycles cross the exit of the roundabout. The aim was 
also to analyze how, and if, the Rodegerdts and Blackwelder model could be incorporated in Capcal. The results for 
the Rodegerdts and Blackwelder model were compared to results from a microscopic simulation in VISSIM. The 
data used were collected from films of two roundabouts in the Stockholm area; Solna and Rissne. In Solna, where 
vehicle flows were medium - high, it was noticed from the film that the pedestrians and cyclists did affect the 
roundabouts performance. The model by Rodegerdts and Blackwelder calculated the capacity loss in Solna to be 
almost 18 % due to crossing pedestrians and cyclists. The result from the micro simulation of the roundabout in 
Solna also indicated that pedestrians and cyclists did have an effect on the roundabout performance. If the 
pedestrians and cyclists were included in the simulation, the total travel time increased significantly as well as total 
and average delay. In Rissne the vehicle flows were lower and no effect on the roundabout capacity could be seen 
from the films. The model by Rodegerdts and Blackwelder calculated the capacity loss to be only 0,12 %. In the 
micro simulation, the difference in average delays was not significant if the pedestrians and cyclist were included or 
not.  No significant differences indicate that the pedestrians and cyclist did not affect the roundabout performance in 
Rissne. 
When the vehicle and pedestrian flows in Solna were increased/decreased in the micro simulation it was noticed 
that a high vehicle flow seemed to be more affected by small changes in the pedestrian flow. If the vehicle flow was 
lower, a high pedestrian flow did not affect it much. What level of vehicle and pedestrian/cyclists flows that are 
critical were not clarified in this study since the sample of data was too small. A future study with more data would 
therefore be interesting. Micro simulation could be a useful tool for collecting data, as seen in this study. 
The recommendation for Capcal was to include the Rodegerdts and Blackwelder model as a warning system 
when the results in Capcal could be considered too uncertain. But the Rodegerdts and Blackwelder model is not 
recommended to use in Capcal for calculating a capacity loss, as the model has not been evaluated enough in this 
study.       
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